The treatment of alcohol use disorder (AUD) with sodium oxybate (SMO) or gamma-hydroxybutyric acid (GHB) was introduced in Italy and Austria more than 20 years and 15 years ago, respectively, and it is now widely employed to treat alcohol withdrawal syndrome (AWS) and to maintain alcohol abstinence. These indications derive from its similar structure to the inhibitory neurotransmitter γ-amino-butyric acid (GABA), exerting an ethanol-mimicking effect, because it binds to GABA B receptors. Craving for, and abuse of, SMO remain a controversial issue; even though these unfavorable effects are evident in poly-drug addicted patients and in those with psychiatric diagnosis of borderline personality disorder. In addition, despite cases of severe intoxication and deaths being widely documented when GHB is used as "street drug"; its clinical use remains safe. Thus, the aim of the present review is to examine the role of SMO in the treatment of AUD, its possible implications in reducing alcohol consumption, and cases of abuse, and severe intoxication due to SMO during its clinical use in the treatment of AUD.
Introduction
Sodium oxybate (SMO) (gamma-hydroxybutyric acid (GHB), gamma hydroxybutyrate, or sodium salt of GHB), is a short-chain fatty acid that occurs naturally in the mammalian brain, in particular in the thalamus, hypothalamus, and basal ganglia [1] . SMO is structurally similar to the inhibitory neurotransmitter γ-amino-butyric acid (GABA) binding to GABA B receptors [1] [2] [3] . Its functions are as both a precursor and a metabolite of the GABA system. Irrespective of the brain SMO concentration, it is far from certain that SMO interacts directly with the GABA A receptor [4] . SMO is primarily eliminated by the liver by the enzyme GHB dehydrogenase, and by a still not fully ascertained process of beta-oxidation [1] . Only a modest quantity of SMO remains unmodified (2%-5%) and eliminated with urine with a relatively short window of detection (3-12 h) [2] . After exogenous ingestion of SMO, its maximum concentration occurs after 20-40 min, and its half-life is 30-50 min [5] . It is thought that the alcohol-mimicking effect of SMO is related to the effects of the dopamine increase mediated by GABA B receptors in the mesocorticolimbic circuitry [1, 3, 6] . This results in a decreasing GABA release with a consequent increase of dopamine within this system [1] . Indeed, the exact mechanism by which GABA B agonists exert their effect on alcohol craving is still a matter of research [7] . Most evidence suggests that mesolimbic dopaminergic neurons, originating in the ventral tegmental area and projecting their neurons into the nucleus accumbens, could play a pivotal role in the regulation of alcohol craving, being stimulated by alcohol consumption [7] .
In the United States, the Food and Drug Administration approved SMO (Xyrem ® ) as a Schedule III Controlled Substance to treat cataplexy and excessive daytime sleepiness in patients with narcolepsy [8, 9] . In Europe, SMO is used in Germany (Somsanit ® ) and in France (Gamma-OH ® ) for intravenous anesthesia, and has been used for the treatment of alcohol use disorder (AUD) in Italy (Alcover ® ) since 1992, and in Austria since 1999. Indeed, several studies have demonstrated that SMO is a safe and effective drug for treating AUD.
SMO for the Treatment of Alcohol Withdrawal Syndrome
Alcohol withdrawal syndrome (AWS) represents a clinical condition that usually develops in alcohol-dependent patients within 6-24 h after the abrupt discontinuation or decrease of alcohol consumption [10] . SMO was tested in preclinical and clinical settings for the treatment of AWS [11] . A meta-analysis performed in 2010 by the Cochrane Collaboration showed that SMO (50-100 mg/kg/day) is more effective than placebo in reducing the CIWA-Ar score with an equal efficacy to benzodiazepines and clomethiazole without any differences in the onset of side effects [12] . Recently, the GATE 1 study (phase IV, multicenter, multinational, randomized, double-blind, double-dummy, with parallel groups) showed that SMO presents a similar efficacy to oxazepam (one of the gold standard benzodiazepines) in the treatment of uncomplicated AWS [13] .
SMO as an Anti-Craving Drug to Treat Alcohol Use Disorder
Thanks to the ability of SMO to inhibit voluntary ethanol consumption, SMO is used for the treatment of AUD with very encouraging results in maintaining total alcohol abstinence.In particular, almost 50%-60% of treated patients achieve and maintain alcohol abstinence at the end of the first three months of treatment [14] ; in addition, SMO is at least as effective as naltrexone (NTX) or disulfira (DF) in the maintenance of abstinence in alcohol-dependent patients [12] . Concerns have been raised about the risk of developing addiction to, misuse, or abuse of SMO. However, clinical trials have shown that episodes of craving for, and abuse of, SMO in alcoholics are very limited (~10% of cases), and are mainly confined to patients with AUD associated with poly-drug addiction and psychiatric co-morbidity [3, 11, 12, 15] . Moreover, cases of death related to SMO abuse have not been documented in clinical trials dedicated to the treatment of alcohol dependence [3, 11] or narcolepsy [16] . However, "real-life trials" which would have improved the awareness of the negative impact of this phenomenon during the daily treatment of alcoholic patients with SMO have not been performed.
In addition, as reported recently by a survey among fifty Italian alcohologists [14] , a consensus has been reached to prolong the treatment with SMO until a significant improvement in the motivation to abstain is achieved, to increase the dosages of SMO until the craving for alcohol is suppressed, and to not consider the treatment of SMO as being the "last chance" drug when no result has been achieved with other pharmacological and non-pharmacological treatments. From 50 to 100 mg/kg/day, fractioned into three to six daily administrations, could be considered a safe approach to use SMO [11, 12, 15] . About 30% of alcohol-dependent patients treated with SMO can develop side effects, represented by dizziness, sedation, and asthenia. These events do not, in general, require discontinuation of treatment, because the dizziness disappears spontaneously after the first doses, while sedation and asthenia disappear within 2-3 weeks. In addition, no side effects due to the combination of SMO 50 mg/kg and alcohol were observed in those SMO-treated alcoholics who were still drinking during the treatment [11, 12, 15] . This was also confirmed by a recent randomized, double-blind, double-dummy, cross-over trial in healthy volunteers aimed at exploring the pharmaco-dynamic interaction of the solid immediate release formulation of SMO and alcohol, which clearly showed that SMO and alcohol have separate adverse effect profiles, and that the objective effects of SMO are much less marked than those of alcohol, without any deleterious interaction [17] .
However, larger clinical trials with alcohol dependent patients aimed at investigating a possible negative interaction during the concurrent intake of alcohol and SMO have not been performed, so that the suggestion not to drink during SMO administration represents a crucial message for physicians before prescribing this medication for AUD.
SMO has also been evaluated in combination with other drugs. In particular, an open, randomized, comparative study evaluated the efficacy of SMO in combination with NTX in maintaining alcohol abstinence compared to SMO and NTX used singly [18] . These data confirm that the two drugs combine their different actions synergistically without suppressing the favorable effects of each other. In SMO treatment-resistant chronic alcoholics (30%-40%), the combination with DF was proposed. SMO-DF combines the adverse effect of DF with the anti-reward effect of SMO [19] .
Possible Role of SMO in Reducing Alcohol Consumption
The major outcome in the treatment of AUD remains total alcohol abstinence; this is because alcohol intake, even in low doses, continues to maintain the craving for alcohol and may also lead to abuse of alcohol [20] . Nevertheless, a reduction in alcohol intake, in particular for heavy drinkers, does lead to an improvement in physical and psychological health even if the patient does not achieve abstinence [21, 22] . Moreover, a reduction of alcohol intake can represent a temporary step toward the achievement of complete abstinence [23, 24] . In the light of these considerations, it has been demonstrated that all clinical studies testing the efficacy of SMO in maintaining abstinence from alcohol have recorded a number of patients who failed to achieve this primary end-point, but did reduce their alcohol intake [12] . In particular, SMO was shown to be significantly more effective than placebo in reducing the number of daily drinks (p < 0.00001) and in reducing relapses into heavy drinking (p < 0.00032) in a controlled clinical trial [25] . In a two-phase trial exploring the efficacy of dose-fractioning of SMO treatment, 17.4% of patients did not achieve complete abstinence but they significantly reduced their daily drinking (p < 0.05) at the end of the first three month phase [26] . An open multicenter study found a reduction of biomarkers of alcohol abuse after SMO treatment, and the group of patients who did not achieve complete abstinence, did reduce their average alcohol intake [27] . Maremmani et al. described a long term treatment with SMO in a population of treatment-resistant patients [28] ; although the group was not so numerous, the partial responder group who reduced their alcohol intake for an average of 40% was larger than the total responders who achieved complete abstinence from alcohol (14.3% vs. 11.4%). More recent studies [29, 30] investigating the efficacy of SMO in some particular population types (according to Lesch typology and with or without psychiatric co-morbidity) found that a relevant number of patients did not achieve complete abstinence, but they did not return to heavy drinking (41.7% of the total population) [29, 30] . A recently published SMO trial [11] considered the cumulative days of abstinence (CAD) as the primary endpoint. This study demonstrated a borderline significance in favor of SMO in reducing CAD [11] . Considering SMO as a possible treatment option for reducing alcohol consumption, concerns remain about the side effects of the combination with alcohol.No additional sedative effects induced by drinking during SMO treatment were found in healthy subjects [17] . Moreover, considering that SMO is utilized both for treating AWS and to maintain abstinence, according to clinical practice, then complete abstinence from alcohol should not be considered an exclusion criterion for treatment with SMO [14] .
In the light of these considerations, there is some preliminary evidence that SMO can be efficient in reducing alcohol intake in patients who fail to maintain total alcohol abstinence. It also seems that, for less motivated patients to achieve total alcohol abstinence immediately, the reduction in alcohol intake could be the primary end-point of SMO treatment, suggesting a role in harm reduction treatment. Unfortunately, the end points defined by published trials are varied and non-comparable: heavy drinking days, daily alcohol intake, total amount of alcohol intake, or cumulative days of abstinence. Thus, more studies to confirm these data and to explore the efficacy of SMO in patients considering alcohol reduction as their primary goal are warranted.
Severe Intoxications Due to GHB: These Do not Refer to Its Clinical Use
GHB as a "street drug", sold for recreational use, is mostly reported in Anglo-Saxon countries [31] ; however, experiences of this have also been reported in Italy [32, 33] . "Street use" represents the first cause of GHB-related death [31] . Risk factors are unknown: dose/concentration, frequently combined use with other drugs, difficulties with dose titration [34] , and narrow safety margins between a recreational dose and a fatal dose [35] . Cardiorespiratory depression is a documented dose-related effect of GHB [36] , and it is likely to be the principal cause of death in GHB overdoses [31] . Whereas it is well known that a GHB blood concentration of 500 mg/L causes death due to cardiorespiratory depression, it is impossible to clearly define a "lethal" dose [4] . Reduced vigilance leading to trauma and driving impairment are other possible causes of GHB-related death [37] . Furthermore, considering that blood GHB levels increase substantially post mortem, even in persons in whom the cause of death excluded any possible exposure to GHB [38, 39] , a strictly causal relationship between GHB use and death is, sometimes, very difficult to clearly ascertain [4] . With regard to SMO treatment for AUD (Alcover ® ), there are no published data about related deaths [4] . In this regard, interestingly, only one case has been documented [40] ; however, this was a heroin-dependent patient and the concomitant use of morphine would have played a crucial role as a cause of death.
Conclusions
According to many studies conducted to evaluate the pharmacological effects, SMO is efficient in the treatment of AWS and in achieving and maintaining total abstinence from alcohol.The pharmacological activity of this drug is well-known: thanks to its ethanol-mimicking effect binding GABA B receptors, SMO increases dopamine levels in the mesocorticolimbic circuitry and determines a craving reduction. None of the above-mentioned trials reported serious side effects during the treatment with SMO; craving for, and abuse of, SMO in alcohol-dependent patients represent a very limited phenomenon (~10%-15% of cases); particular caution in prescribing this drug in the case of alcoholics with poly-drug addiction and/or a borderline personality disorder is warranted. In addition, due to its very short half-life (30-50 min), the fractioning of the SMO doses from three to six daily administrations avoids the occurrence of further sedative effects in patients who voluntarily use alcohol during the treatment with this drug [3, 11, 14, 15] . Moreover, since clinical trials aimed at investigating the efficacy of SMO in reducing alcohol consumption have not been performed, and since concerns remain about the side effects of the combination with alcohol, it is hard to prescribe SMO for this purpose. In order to amplify the effects of the drug, SMO can also be used in combination with another anti-craving drug (such as NTX) or adversive drug (such as DF). It seems that when SMO is combined with other drugs with different mechanisms of actions, they work without suppressing the favorable effects of each other.
In conclusion, we believe that SMO can be considered one of the most effective drugs in the treatment of AUD, with a good profile in safety [3, 11] . However, all patients taking SMO should be closely monitored by specialists working in an Alcohol Addiction Center with the support of a family member in the administration of the drug.
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